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A. Project Objectives

The goal of this research project is to make aoaf coherent THz radiation using Difference
Frequency Generation (DFG) technique by Photomigirtgvo optical beams with close
frequencies in a thin film nonlinear layer. In Ph&she main goal is to formulate a design of
such a system which would provide efficient endrgysfer from optical laser beams into THz
wave.

Thin film layer is a part of the multi-layer wavada that supports THz mode. Design of the
multilayer waveguide must provide Phase Matchingdtion (PMC) between THz and optical
waves. If this condition satisfied, optical waved efficiently transfer their energy into THz
wave.

In this research project we consider the nonlimeadium, where two main waves with
frequenciesn; andm; are mixed, to possess a second-order nonlinedhty nonlinear part of
material polarization is expressedRlS- = 2d;E;Ex, whered; is the second-order optical
susceptibility tensor §,k=x,y,z), andE; is the electric field. In general, we can havdaulr
possible output frequencies, namd; , 20, , ®; + ®, , and o1 - o, (DFG). At the end of this
Phase | project we clarify this possibilities atgbgormulate a way which will lead to the
waveguide design for Double Harmonic (DH) caggpu=2m1. This will open the way for much
wanted efficient UV generation in 200-300nm speutregion.

Confining two idler optical beams into a nonlinddan film waveguide will definitely induce the
maximum nonlinear polarization in the medium. Hgvaorrect multi-layer waveguide design
should lead to efficient excitation of the DFG Thipde by this nonlinear polarization. It is also
important to note that a planar design of efficiEHiz source, which we seek in this projeil,
have an ideal casefor futureintegration of thissourcewith planar THz sensing platforms
and general THz electronics.

In Phase | of this SBIR project we have addresseddllowingtechnical objectives:

1. Design a multi-layer waveguide comprising of théiag and THz wave confinement
layers

2. Design a grating coupler embedded in the thin éjptical layer. Determine what lens
configuration provides the optimize focusing of ttiker beams.

3. Predict characteristics of the future THz sourdeedretically estimate efficiency of
optical-to-THz power conversion.

B. Work Performed

Work performed in Phase | of this project has beestly focused on theoretical analysis of the
proposed optical to THz energy converter. The nggial has been to suggest a configuration
which would provide conversion efficiency much bethan has been recently repoftéd.

We have analytically and numerically solved tbkowing tasks:

1. Formulated the confinement theory for nonlineangfarmation and proposed multi-
layer waveguide with TEM THz wave, which maximizéee difference frequency
generation.
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Derived analytically dispersion equations for Thir aptical modes.

Proved that phase-matching condition, which is se&ey for efficient energy transfer
from optical to THz wave, is satisfied for the pospd multi-layer waveguide.

4. Proved that absorption losses for TEM THz moddraeeceptable range.

5. Designed a grating In-coupler for optical beamdhigh excitation efficiency.

6. Derived analytically an expression for energy tfamsation coefficient and found its
numerical estimate for the proposed structure.

C. Results Obtained

w N

Difference frequency generation (DFG) presentsearcpath in the development of a coherent
THz sourcé®® In this technique two laser beams with close feemies are mixed in a second-
order nonlinear crystal to produce a difference Tigguency. A typical setup widely used for
wavelength conversion is shown in Figur[é?] It has a pump Nd:YAG laser, two KTP crystals
placed inside a resonator (built by two mirrors &id M2) for two close optical wavelength
generation and a bulk BNA crystal, taken as an gtaraf a nonlinear crystal, for Difference-
Frequency Generation. As it is reported in [9],stheauthors managed to achieve 13.3%
efficiency of pump to idler waves conversion. Bdier to THz wave conversion has still been a
low (~0.0001-0.001%) efficiency proce&s”

A problem with low conversion efficiency comes frdive weak nonlinear coupling between
optical beams and THz wave. As we show in the eiduthe only part needed to be improved in
the current, state of the art, DFG THz generati@thmd is the way of excitation of a nonlinear
layer.

whereachangeis proposed

_____________________

| F=250mm BNA

|

crystal i

2+=750 - 950 nm | B

= —===

22=750-950 nm !

! i l
KTP-OPO uiniaiaininieeietelatd fong wave
( Dual wavelength source ) pass filter

|---------------.-~ 1 THZ—WaVe
KTP(1)  KTP(2) :

*

4K Si bolometer

Frquency doubled
Nd:YAG LASER
7ns, 100Hz

‘_---ﬂ

Signal 5
processor |

Figure 1. Laser to THz conversion setup based on BNA crystal
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To propose an efficient optical-to-THz convertethnoptimized coupling between e/m waves
one needs to formulate an analytical theory ofgeieeral energy transformation, which we
successfully delivered in this project.

C1. Analytical theory of nonlinear mixing in waveguides

We have derived electromagnetic power of a THz vk a transformation coefficient in an
arbitrary waveguide configuration:

PTHz =7 Pw1Pw2 (1)
8n?d; 1 . Ak L
n= ofr L? sinc? [—Z ] (2)
NyN2NTHZ CE0ATH, Aeff 2

-2

3 @ 3 =3
Acs = I Ernz - %:EME&)2 dx dy| , (3)
where
ff EZV ) Eu dx dy = avp.a (4)

is the waveguide mode normalizatidnis the length of energy conversion along the waickg
P,,,P,, are the electromagnetic powers of the opticalidiedes in the waveguidg? is the
second-order optical susceptibility tensor, algd is its maximum element — nonlinear optical
coefficient; n,,n,, nry, are the effective propagation indexes of the audting modesAk, is
the wavevector mismatch between the three madigs; is the effective area which quantifies
the magnitude of the coupling between the nonlirgsarization, excited THz mode and the
optical modes.

Possible absorption losses of electromagnetic wavdke waveguide were omitted in Eq.2.
Generally they are required to be considered. is bport we lead to a configuration where
absorption losses are negligible.

If we suppose that mode configuration of the waidgus chosen in such way that vector

multiplication produces maximum value, what will &ehieved by correct choice of the material

and orientation-control crystal growth (discussedhfer in C.5), then the problem of maximizing
transformation coefficient splits into two tasks:

1. Maximizing overlap integral O = [[ Ery, E,, E,, dxdy with the normalization
condition for interacting modef§ £, - E, dxdy = 6,
Providing phase matching between modb&s;L — 0

Correcting Overlap equation with possible absomptmsses of the DFG mode; finding
absorption loss for proposed configuration.

[T

wn

M aximizing the overlap between modes:

In Figure 2 we show the graphical concept of figdgnmaximum overlap between optical and
THz modes. It is clear that maximum overlap integchieved in case of fundamental modes.

Final Technical Report page 5 of 20



Contract No.: W911NF-11-C-0066 L.C.Pegasus

Electric field of a fundamental mode is of samensigthe whole cross-section of a waveguide.
However, low-order optical can also be considered.
A

Figure 2. A simple confinement model for overlagivieen optical and THz modes (under the
normalization condition)

For a planar waveguiding structure we obtain thieveng equation for modes overlap:

Aopt > 2 2 2
X X .
O(aruz» Aopt) = | [ &ope /a cos (a ) [cos( )] dx | - maximum (5)
- THz THz/ Qopt Qopt

When deriving Equation 5 we assumed that both mji¢ical beams only one (same) optical
mode in a nonlinear optical layer of the waveguideich is true because their frequencies are
very close.

1
08k
0.6f

Overlap(a THz,1.5)

[

02

013

Overlap(a THz,1.5) 01

0.05

0 | 1 I I
0 20 40 60 30 100

a THz pm

Figure 3. Overlap at,g=1.5um Lope ~1.5um) as a function of THz wave thickness
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In Figure 3 we show the overlap between modesbairi.optical thickness layer. It drastically
decays with the increase of THz wave thicknessllgeone has to squeeze THz mode into a
size of the optical wavelength to maximize enemyversion between them, which is hard to
achieve.

Another interesting and most surprising result we fgom mode overlap analysis when we fix

the thickness of a THz layer. In Figure 4 we showhscase. If , suppose, 100 micron thickness
is the thinnest which we are to realize experinigntar terahertz wave then there is no reason
to make the optical layer very thin (down to 1 raity, overlap value does not increase much.

0.02)

0.018F
Overlap(100,a_opt)

0.0161

0.014
a opt pm
Figure 4. Overlap at;a,=100um as a function of the optical layer thickness

Following these results we can state that the maigdea of using a single metallic plate covered
with multi-layer dielectric suggested in Phasedpwsal (Figure 5) will not work at THz
frequency range (0.1-10THz). The matter is in thefioement of the surface plasmon polaritons
mode on smooth metals. The confinement of a TH&asemplasmon in perpendicular to metallic
surface direction is in order of 10cm, which iswereek. Overlap integral of THz wave with
optical modes would be very small. This configuatwill only work for IR ¢=2-10micron)
difference frequency generation.

a0 g,
e 2
X

A \

\‘c,&o\“ 0

O \

“onversion length L

Fxcited due to energy conversion
TE mode - THz wave

Figure 5. TE and TM configuration for THz generatfgroposed in Phase | proposal. They will only wimnd=2-
10micron difference frequency generation.

Fortunately, we can use a quasi-TEM mode which exists betwaerparallel metallic plates
(Fig.6) at any spacing between théfhin the proposed configuration optical beams are
confined in a thin film of nonlinear dielectric. &te are two concerns: phase-matching between
THz and optical modes, and the absorption losséseof EM THz mode. As it was
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experimentally shown in several papgrs*3*this loss is very low ~ 0.2dB/cm for 200micron
spacing between metallic plates. Also a successfuiinement of THz wave with frequency
~1THz in a 8micron (1) thick spacing with negligibhbsorption losses has been repditéd.

>
ETEM-THZ Layer 3 (SiO2)

Figure 6. Proposed TEM mode multi-layer waveguiteoptical to THz converter.

C2. Dispersion equation for TEM THz mode and satisfaction of the phase-
matching condition

It is important to derive a dispersion equationT&M THz mode and prove that phase-
matching between THz and optical modes is possitism, this equation will allow finding the
exact absorption losses of the THz signal.

In order to find a configuration which would havieage-matching between optical and proposed
TEM THz mode we had to solve a dispersion equafimn 5-layer planar symmetrical
waveguide.

TM guided modes are found in the following form:

(Aes(x=D), x>D,n=ng
B cos(h,x) + I'sin(h,x), d<x<D,n=n, h? = k2 — kin?
H,(x) =< Acosh(hyx) + Esinh(h;x) , —d <x <d,n=ny;,where h = —kZ + kin3
Z cos(h,x) + H sin(h,x), —-D<x<-dn=n, h3 = k2 — kin2
Qelsx+D) x < —D,n=ng

In case of Quasi-TEM mode located between two hietzhtes we need to put:
n? > 0,13 > 0,Re(n?) <0
We find the dispersion equation for TM Even modes:

-1

" tanh(h,d) = ——{tan [h2(D — @) + atan (h—z—f) I} 6)
Foreven modesA = 6,B =72, =—-H,E=0

B=A [COS(th) +5s ng sm(th)] B=A [sm(th) - E&cos(th)]

2
hsny
cosh(hld) [COS(hZ(D d)) + By n2 S0 h,(D d)l
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1 2 hs n? ?[sinh(2h,d) d
2_~(__* _ 3Ny . _ simhlema) @
1/A% = m (cosh(hld)> [cos(hz (D—4d))+ hyn2 sin(h,(D d))l l ah +3
1[D—-d " h2ni h; n3 N sin(2h,(D — d))
ns| 2 hini) 2h3n} 4h,
hsy n3 hZ n; 1
- 2—;%71—2 Cos(th (D — d)) - r}%n—gsin(th (D — d))l + 22

We have numerically coded Equation 8 for our canfigion Al/SiGQ/GaAs/SiQ/Al. Parameters
for phase matching condition between optical and m$des are shown in the Proposal.

We have also obtained TEM modes by FDTD coding.{F8).

Air / waveguide boundary

70 20

Figure 7. Typical picturé of TEM mode &t300um, (space dimensions are in microns, amplitidbe
fields are shown)

Air / waveguide boundary

Figure 8. Typical picture of TEM mode &10um, (space dimensions are in microns, real valube
fields are shown)
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C3. Found phase-matched configuration
For difference frequency THz generation PMC camwhbten as following:

wlnz(wl) - (‘)an(wz) = wTHan(wTHZ) ’
wherew, , are the frequencies of the two optical idler beamg, = w, — w, is the difference
frequencyn,(w) is the effective refraction index of the propaggtmode. In general, the

structure of all three modes can differ very mudbwever, in our case,(w;) = n,(w,) -
both idler beams excites the same mode in the wadegSo, the PMC looks simpler:

nz(wl) = nZ(wTHZ) (7)
As it turns out satisfaction of PMC is feasible bmth proposed configuration. Our optical
beams are confined in the Layer 2 (Fig.6). Aftetigg a THz TM mode dispersion equation for
5 layer system: metal/dielectric/nonlinear-dieledtlielectric/metal, optical TE mode dispersion
equation for 3 layer system dielectric/nonlineaelelttric/dielectric and numerically solving
them we have obtained the following configuratibattexhibit a phase-matching between THz
and optical modes:

Al(thickness 10um)/Sigd4.8um)/GaAs(0.385um)/Spet.8um)/Al(L0pum).

At optical excitation wavelengthg; = 1.5um, 1, = 1.5 — 1.515pm there is a full match
between effective refractive indexes in this optayad 0.5-3THz range {p=2.15). In Figure 9
we have plotted these modes: TEM300um), and TE(A=1.5um).

TEM

0.3 T T T

E. o . N -
TOAlL 5102 5102 Al

GaAs
Exx.21%) 0.1F b -

—0l - a =
—10 =5 0 3 10

E jm

Ref Index, E ic
GaAs y Opted

e 5102 5102
ol

aoH———t— NS, S S S S Y S "' b

=] M

-5 -3 -1 1 3 B
Posgition [um]

Figure 9. TEM THz modeiE300um), and OpticalAE1l.5um) mode in the found phase-matched
configuration
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C4. Absorption losses of the TEM THz wave
To find the absorption losses we sé;éle Ny = Re(Myy,) + iIm(nyyy,)-
0

For example, let us find the absorption loss foe flound phase-matched configuration:
Al(thickness 10um)/Sigd4.8um)/GaAs(0.385um)/SRt.8um)/Al(10um). At optical excitation
wavelengths A, = 1.5um, 1, = 1.5 — 1.515pym there is a full match between effective

refractive indexes in this optical and 0.5-3THzgarRe (ny,) = n(‘j’;’;cal = 2.146).
We find the “TEM THz” root of the Dispersion Equati 6 graphically. We have prepared a

numerical code for this, and in the Figure 10 wevwsihow the imaginary part ofy, is found.
At Arpz =214um we getry, = 2.146+i0.0073.

nl=36
# 21=711
AT
n 3 =434 +i-489
1.5=107" T T T T
11073
|£(x,0.006)|
|£(x,0.0073)|
|£(x. 0.0083|
|z, 0,01
x107*
| 1 1 il

Figure 10. Finding “TEM THZz" root graphicali=214um. xRe(rry,).

Now we can calculate the absorption losses:
Ep, exp(—ikonry,z) ~exp(a,,z), &y, = koIm(nry,) 8)

ETHZ = THz

For the considered case=@14um) we get the conversion length= «., ' = 4.7mm, which

is a remarkable huge length for optical effectsérBifiore, the proposed coherent energy
converter can have up to 1cm waveguide length, wisiachievable by CVD and ALD growing
methods.
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C5. Final design of microstructured multi-layer waveguide and grating In-
couplers

Based on the results described above we have fatetltwo possible design of the proposed
optical-to-THz coherent energy converter. As itntuout two configurations are possible: TE
optical and TM optical excitations.

TE optical excitation:

As it shown in the Figure 11 the Electric fieﬁ"g of the TE optical modes excites polarization

- NL —
P,  of a43m point symmetry group nonlinear semiconductor (Ga@aP), which is, in turn,

parallel to the electric field of TEM differenceeffluency wave. Grating coupler will be etched
into the SiQ layer (Layer 1). Upper metal layer is not “covefilgrating grooves, so the laser
light can efficiently penetrate Syayer and excite the grating.

-
Eremthz Layer 3 (Si0z) hy

~10-100 micron

Layer 1 (Si0:z)
I

Figure 11. TE optical — TEM THz e/m energy convebased od3m point symmetry group nonlinear
material (GaAs, GaP, etc.)

Special requirements have to be met for GaAs [&Ydt.has to be (100) grown layer with a
grating grooves parallel to (110) plane of the talydn Figure 12 we show crystal orientation for
the case of TE optical excitation. Fortunatelyy¢his a developed technique to grow (100) GaAs
layer®® In Ref.1 ITO coated (200nm thickness) quartz sakes were used for synthesis of thin
film GaAs.

Figure 12. The orientation déBm crystal for converting TE optical input into TEMHE wave. Top
surface is (100)
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TM optical excitation:

In this case (Fig.13) the dominant electric fieidie TM waveE, (E, > E, ) excites the

nonlinear polarizatioﬁxNLof 3m symmetry group material (LINbQOLITaG;, etc). LINDGQ

needs to be sgecigxl Eg:z-gzrit]anted sputter depositei©@n Fortunately, this technology is already
17,18,19,20,21

well develope

-
Eremthz Layer 3 (Si0z)

~10-100 micron
Layer 1 (Si0:z)

Figure 13. TM optical - TEM THz converter based3om symmetry group nonlinear material (LINHO
LiTaOs, etc)

Grating I n-couper:

Before we estimate the conversion efficiency fa pnoposed optical-to-THz converter we
should provide a design for a grating coupler. @gatoupler serves as an efficient exciter of the
optical modes in the thin film nonlinear layer. TRIof this project has already delivered
numerically and experimentally such an efficientgler. The measured efficiency was 80%. By
other words, 80% of incident optical power was &iried” into a thin (325nm thickness) optical
waveguide X=671nm).??

Here we need to prove numerically that we can hlagehigh efficiency couplers for any
wavelength, particularly al,,=1.5pum, proposed as a pumping wavelength for Gahsnear
layer.

In Figure 14 we show a very promising design ohsacoupler which works ag,=1.5um, and
have coupling efficiency o 60% at the normal (Hidence. The period of the grating is 700nm,
thickness of the GaAs waveguiding layer is 385nmal, groves depth is 120nm. Groves width is
350nm. As of now a 6 um y-wide beam simulated. Hexeas Pl already proved
experimentally?? the efficiency stays high even for very y-wide imep to several hundred
microns).
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Ref. ldx

Poynting Vector,

15.00

Figure 14. Grating coupler simulated by FDTD nur@rmethod at=1.5um. x,z are in microns. As
clearly seen, the optical mode {li& being excited apparently only in +z-directiamarmal (!) incidence.

C6. Energy transfor mation coefficient in general case with absor ption losses

We have derived a general equation for energy fimamsition efficiency. Here we show a brief
derivation of this equation.

In undepleted case, when optical powers d®d not change much along the propagation
(waveguide) direction we have:
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dATHz
az
whereAry, is the amplitude of the THz wava, ,, are the amplitudes of two optical modésis
@ 3 3 2 -
|§(2)| Ey Ep, dx dy| , Ak, is the

wave vector mismatch between optical and THz madesy;, the absorption loss of the THz
mode mainly occurring in the metallic layers (Big.

= —ary,Ary, + kA1 Aye ™ 8k2Z 9)

proportional to overlap between modes; |[f Ery, -

Solution of the Differential Equation 1 we seekhe following form:
Ay, (2) = f(z)e™ %2,
which lead to:

a _ kAlAze(aTHz_iAkZ)z )
dz

After integrating (9) we obtain the equation foeagy transformation coefficient:

P

THz

n = 87Tzdgff 1 (1+e2@ml_2e=@ml cos(Ak,L)) (10)
P1P, NN NTHZ CE9 Ay Aeff (@, 2 +Ak,%) ’

@ 3 3 _2_
W : E(U1Ew2 dx dy is the

overlap surface between modes, which obeys the maaiealization condition:

fva(x;}I) 'Eu (xy) dxdy = 514“

ny, Ny, Ny, are the effective propagation indexes of the auing modesy ® is the second-
order optical susceptibility tensor, adg is its maximum element — nonlinear optical
coefficient.

whereL is the mode interaction length; (r = |ff Eryy

Equation 10 is very general equation that descitbégrent energy transfer between two optical
idler modes and the THz mode in any waveguide gagmiEhe only assumption of undepleted
regime for optical modes can be corrected in orthér research.

This equation takes into account both factors whalt the efficiency of the energy
transformation: absorption losses and the phasmatch between the modes. As we have
shown in C.3 of this report, we have found a canfidion which provides the phase-matching
condition:Ak,L — 0. In this case the only limiting factor is the atpgmn loss of the THz mode.
Equation 10 will transform into the following:

= = > > (11)
PP, N NoNTHz CEoATH, Aeff (Ar,”)

Here we assumed that the length of the waveguitddevslightly more than the conversion

length, which in the phase-matched case equal te

Ay,
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Applying Equation 11 to the proposed TEM THz wavequide:

It would be of great help for this project to hareanalytical expression for the energy
transformation coefficient in terms of parametdrthe proposed waveguide design (Fig.6). A
unique property of the TEM mode, which is its stepetion dependence on the normal
coordinate (x-axis, Fig. 6,9), helped us derivehsaic equation.

By introducing the characteristic optical beamscgp@onfinement in y-directioiy, we have

1 5 5 = 2 5 = 5
7= | Erue (9B, (6. 9)Eo, (0 y) dr dy| = 1 |[[ E,,, 0B, (0)Ea, (2) da

Recalling that the optical frequencies are vergele; — w, = w,,, < w;,, We have their mode
structures the samg;, (x) = E,,, (x).

|2

(12)

Optical modes are confined in a thin nonlinear taydere TEM THz electric field is constant.
So, we get:

- 2 . 2
1 ~ = _ =
A & L% (ETHZ (x = xGaAS)) If |Ew1 (x)l dx.

After applying the normalization condition TEM THzode we obtain:

Aefr
and using D field boundary condition:
Nl
we finally obtain:
1 1
Aeff AN
Ly hGaAs 1 + (ngll-(l)zz ) (hGaAs)

Energy conversion efficiency will be found as

2
I T Snzdeff 1 1
152 NiN2NTHZz C€0ATHZ \ | 4 1+(ncaAs) (hSiOZ)] (aTHZ®)
Y " Gaas nTHz h
Si02 GaAs

Now we can easily predict the conversion efficienogfficient for our multi-layer waveguide
once we know the exact absorption losses.

Estimate of energy conversion efficiency:

We can finally calculate the expected energy casigarefficiency. We will assume that grating
coupler provides maximum ~100% excitation efficieriey. 13 transforms into following:
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2
N= = : - 14)
= = 3 .
P1P2 NiNnxntHz C€o ng:is R0, (Im(nTHZ)Z)
Lyh 14 =) (===
y Gans n;%ZZ hGaAs

It is interesting that Eq.14 does not depend eijylion optical idler beam wavelengths, neither
on generated THz wavelength. So, we obtain:

For LINbO3 at A1,2=1.5um

2
~-12
17516 19 )
n= " - ] =3.24% 10 °
nf..85:0 22220.00810010 ®m.38510 91+ (2) 5(1010 —0.38510
211 (0.38516°9)
For GaAs at A1,2=1.5um
2
=12
205010 .
n= EG ) " - ] =1.15¢ 16 °
31688510 *2r2r2r20.008110010 °0.38510° 1+ (%) 5(1010 ~ 0385110
' (0.38516°9)

Obtained conversion efficiency numbers are notoiged. We think that by squeezing optical
beam in y-direction down to 30 micron and additistueeze of TEM mode down to 1-2
microns in x-direction can improve efficiency up16” value.

Also, there are organic DAST and BNA crystals whietve di ~10°pm/V 232425 |f they could
be employed in our micron thick waveguide geomettigey would increasg up to 107 value.
The best value of conversion efficiency recentfyoréed in Ref. [1] is 1.3- 10W™.

D. Estimate of Technical Feasibility

In this Phase | SBIR project we have performedgmnaus theoretical analysis of the proposed
multi-layer waveguide. To our best knowledge no gektin the scientific world has done any

similar analysis. This research effort outlines dmtls the best design configuration for

Difference Frequency Generation (DFG).

The objective of this particular project has beerfarmulate a design for THz DFG. But the
approach which we have developed within this ptagaoot limited to DFG and neither to THz
frequency range as a goal. This approach will leeltbst for deep UV, IR (LWIR, MWIR,
SWIR) radiation generation. It will lead to somaque waveguiding designs for these e/m wave
ranges. The designs will be different from the éoveTHz presented here, but they will be also
the most efficient.
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In this report we have not specified any sourcethefidler optical beams. The choice of them is
arbitrary. It is clear that the best performanct ke with coherent laser beams, since they can
be squeezed easily.

Another important aspect is the coherence of the Jignal generated in the proposed converter.
Time coherence of the THz signal will be transfer(granslated) from idler optical signal
without any change. There is no electronic traositbetween bands involved in this nonlinear
conversion technique as contrary to “photocondectantenna” methdd where electron
scattering limits coherence of the DFG signal. tr echeme the narrower the optical lasing
wavelength, the narrower the generated THz line.

We have already mentioned that the success ofptiojgct now lies in advanced area of the
microfabrication. We have specified the referenad®re thin LINbDQ or GaAs layers were
successfully grown and tested on their values ofinear coefficient.

This project is concerned with development of tuedine-coherent THz source of 0.1-10 THz
frequency range. In the further fabrication stafthis research two types of coherent THz
source will be developed: a quasi-cw tunable napaowd source with frequency line width
100MHz (line quality factor ~10) repetition rate ~10kHz), and a cw broadband tlensburce

with frequency line width ~0.3THz. These two lasei be based on different pump lasers:
OPO with a solid state single mode laser and withDFB lasers, which are frequency tuned by
temperature. Tunability range of will be 0.1/0.3THK THz. Our unique multi-layer waveguide
will provide us the maximum possible efficiencytbé nonlinear electromagnetic energy
conversion from optical to THz frequency domainse ¥¥pect to reach an average output power
of ImW required by the solicitation.

The successful completion of this project in thieife will benefit many new commercial
markets. Having coherent, tunable and handy THecsowill bring scientists an opportunity to
fully explore THz band. Particular applicationslude: spectroscopic miniature sensors of THz
spectra of chem/bio-moleculas; next generation &ldztronics components with aim to future
THz networks and computing chips; vision througbtluihg at the airport for security purposes;
non-destructive imaging through teeth, since THxlg@enetrates them; biological
hyperspectral imaging of human body.
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